Background: Numerous studies have investigated response inhibition (RI) in obsessive-compulsive disorder (OCD), with many reporting that OCD patients demonstrate deficits in RI as compared to controls. However, reported effect sizes tend to be modest and results have been inconsistent, with some studies finding intact RI in OCD. To date, no study has examined the effect of medications on RI in OCD patients. Methods: We analyzed results from a stop-signal task to probe RI in 65 OCD patients (32 of whom were medicated) and 58 healthy controls (HCs). 
INTRODUCTION
Deficits in response inhibition (RI), the ability to suppress irrelevant actions or actions that are not appropriate in a specific context, [1] have been documented in patients with obsessive-compulsive disorder (OCD) and hypothesized to underlie the repetitive behaviors that characterize the disorder. In fact, some studies have suggested that a deficit in RI is an endophenotype of OCD. [2] [3] [4] [5] For example, OCD patients exhibit diminished dorsal ACC activation during RI tasks, which may underlie their inability to properly inhibit motoric behaviors. [6] However, not all studies find an RI deficit in OCD, as highlighted in a recent meta-analysis. [7] To date, no study has examined the effect of medication status on RI in OCD patients.
The most consistent results showing an RI deficit use the stop-signal task (SST) a , a common probe of RI. [8, 9] In this task, participants are asked to rapidly respond to visual stimuli (go signals) knowing that on some trials an auditory stimulus (stop signal) will be presented, requiring them to inhibit their already-initiated (prepotent) response. This paradigm estimates the ability to inhibit prepotent responses by calculating participants' stopsignal reaction times (SSRTs)-an index of RI. [1] Longer SSRTs have been found in OCD patients compared to healthy controls (HCs). [2-5, 10, 11] However, in a recent study, we found that unmediated OCD patients did not have longer SSRTs relative to HCs (although patients exhibited a gradual slowing of reaction times over the course of the experiment, which reduced the likelihood of errors of commission on stop-trials). [12] Importantly, most studies that do report SSRTs differences have had relatively small samples, recruited both medicated and unmedicated patients, and found modest effects. [13] Two recent studies stand out for not mixing medicated and unmedicated patients: de Wit et al. [14] compared 41 unmedicated OCD patients and 37 HCs and found significantly elongated SSRTs in the OCD group (group difference: t(76) = 2.07, P = .04; Cohen's d = .47), and comparable SDs across groups. Sohn et al. [11] also reported modest differences in SSRT between 60 medicated OCD patients b and 52 HCs (group difference: t(110) = 2.14, P = .04; Cohen's d = .40). However, in this study SDs appeared notably larger in the medicated OCD group. Although replication is required, these data suggest that medication status may affect the variability of SSRT in OCD. Notably, serotonin reuptake inhibitors (SRIs; the only FDA-approved first-line medication for OCD) have been found to have no effect on SSRT in rats [15, 16] and healthy volunteers. [17, 18] However, the effect of medication on SSRT in OCD patients has not been directly tested before.
To examine the effect of medication status on SST performance, we capitalized on data from two academic sites that administered the STOP-IT task (a downloadable standardized version of the SST) [19] to both medicated and unmedicated OCD patients and to HCs. combining data from two sites, we could analyze a much larger sample and evaluate the generalizability of our findings. Based on the literature, we predicted longer SSRTs in OCD patients. On the basis of rodent and healthy human work reviewed above, we did not expect mean SSRT differences between the medicated and unmedicated OCD groups. However, we explored whether the medicated group would have more variability on the basis of the descriptive results described above.
METHOD SETTING
SSRT data were collected as part of ongoing OCD studies at two academic sites: the New York State Psychiatric Institute/Columbia University Medical Center, New York, NY (referred to as NYPSI) and Ben-Gurion University of the Negev, Beer-Sheva, Israel (referred to as BGU). Subjects were recruited by clinical referral, advertisements, and by the university online Psychology Experiments System (BGU site only). Each site's institutional review board reviewed and approved the study. Participants provided written informed consent.
PARTICIPANTS
Participants included 65 individuals who met criteria for OCD as their principal diagnosis (as determined by a trained psychiatrist or psychologist during a clinical interview and confirmed by an OCD diagnosis on the Structured Clinical Interview for DSM-IV; SCID [20] ) and 58 HCs. Demographic and clinical characteristics of the sample at each site are provided in Table 1 . Thirty-two of the 65 OCD patients were on medications for their OCD at the time of testing. None of the HCs were on any psychiatric medication. Participants were excluded for psychotic disorders, alcohol/substance abuse or dependence, eating disorders, any serious neurological condition, current severe depression c , or hoarding as a sole OCD symptom.
PROCEDURE
Clinical Evaluation. At both sites, psychiatric diagnoses and eligibility were determined via clinical interview, conducted by trained clinicians (psychologists or psychiatrists) with expertise in anxiety, OCD, and related disorders, using the SCID. [20] OCD symptom severity was evaluated by the Yale-Brown Obsessive Compulsive Scale (Y-BOCS) [21] at the NYSPI site, and the Obsessive-Compulsive Inventory-Revised (OCI-R) [22] at the BGU site. Depressed patients were also evaluated by a depression measure (Hamilton Rating Scale for Depression; HAM-D [23] at the NYSPI site, and Beck Depression Inventory-II; BDI-II [24] at the BGU site).
Stop-Signal Task. We used the "STOP-IT" program, [19] which uses a white square or circle on a black background as the go signal. The stop signal was an auditory tone (750 Hz, 75 ms). The experiment included one practice block of 32 trials and three experimental blocks of 64 trials each. Each trial started with a 250 ms fixation (a white plus sign in the center of a black screen), followed by a visual go stimulus. Participants were asked to press the "z" key if they saw a square and the "/" key if they saw a circle. The written and verbal instructions stated to press the correct key as quickly and accurately as possible, and emphasized not to wait for a potential stop signal. The visual stimulus stayed in view for 1,250 ms regardless of the latency of the response. RT Standard deviations are in brackets. Symptoms severity was measured using the Yale-Brown Obsessive Compulsive Scale (YBOCS) in the NYSPI site and using the Obsessive-Compulsive Inventory-Revised (OCI-R) in the BGU site. Z-scores for symptoms severity were calculated for each site separately. Depression is the number of participants meeting DSM-IV-TR criteria for MDD.
for no stop-signal trials (nsRT) was calculated from the appearance of the visual stimulus to the reaction and analyzed as an indication of task engagement. Each trial ended with a 2,000ms intertrial interval. On a random selection of one of four of the trials, an auditory stop signal followed the go signal after a variable stop-signal delay (SSD) that was initially set at 250 ms and adjusted by a staircase tracking procedure: After each successful stop the SSD was extended by 50 ms and after each unsuccessful stop the SSD was shortened by 50 ms. SSRT was defined as the time needed for successful inhibition at 50% of attempts, and was estimated by subtracting the mean SSD from the mean nsRT. During this interval, participants received feedback on their performance in the previous block. For further details on the stimuli and procedure see Verbruggen et al. [19] 
STATISTICAL METHODS
To assess group differences in demographic and clinical variables, chi-square tests were used for categorical variables (gender and diagnosis of depression) and t-tests were used for continuous variables (age, OCD and depression symptom severity, and years of education). To compare OCD symptom severity across sites, we calculated Zscores for Y-BOCS scores (NYSPI) and for OCI-R scores (BGU) separately. Analysis of nsRT was conducted via a one-way analysis of variance (ANOVA) with group (HC vs. medicated OCD vs. unmedicated OCD) as a between-subjects factor. To investigate our a priori prediction regarding the differences in SSRTs between OCD patients (medicated and unmedicated combined) and HCs, we conducted a planned contrast (one-tailed t-test). To investigate the effect of medication status on SSRT we conducted planned contrasts between medicated and unmedicated OCD patients, and between each of the medication groups separately and the HC group (twotailed t-tests). To explore differences in standard deviations (SDs) of SSRT and nsRT we used Levene's test of homogeneity of variances. All analyses were repeated with site (BGU vs. NYSPI) as a covariate, but the general pattern of results did not change. Therefore in the results below we report on the combined BGU and NYSPI samples.
A power analysis using G * Power 3.1, [25] based on the effect sizes reported in previous studies, [11] indicated that the current sample allowed for examination of group differences in SSRT at a power >90% to test small to medium size effects with a Type 1 error (α < 0.05). Table 1 , OCD patients did not significantly differ from HCs in age (t(121) = 1.929, P > .05), gender (χ 2 (1) < 1, Cramer's V < 1, P = .67), or years of education (t(121) < 1, P = .50). There were also no significant differences between medicated and unmedicated OCD patients on any of these variables (age: t(63) < 1, P = .9; gender: χ 2 (1) < 1, Cramer's V < 1, P = .37; years of education: t(63) = 1.51, P = .14). As expected, OCD patients had higher OCD symptom severity scores than HCs (t(121) = 20.79, P < .000). There was no significant difference between medicated and unmedicated OCD patients in OCD symptom severity (t(63) < 1, P = .83) or in the prevalence of depression (medicated patients: 5 out of 32; unmedicated patients: 3 out of 33; Cramer's V < 1, P = .42). There was no significant difference in nsRT between medicated OCD patients, unmedicated OCD patients, and HCs (means: F (2, 120) = 1.233, MSE = 17, 302.232, P = .3; SD: F (2, 120) = 0.26, P = .77), indicating comparable task engagement between groups (Table 2) .
RESULTS

As shown in
No participant had significantly more or less than 50% successful inhibitions in the SST, suggesting that the staircase algorithm was successful (Table 2 ; estimation method by Verbruggen et al. [19] and Verbruggen and Logan [26] ). The OCD group had a slightly longer mean SSRT compared to the HC group; however, this difference was not significant (t(121) = 1.37, P = .09, Cohen's d = .25; one-tailed); there was also no significant group difference in variance (F (1, 121) < 1, P = .6). SSRT did not significantly differ between medicated and unmedicated OCD patients (t(63) < 1, P = .35, Cohen's d = .23). However, the variance in the medicated group was significantly larger than in the unmedicated group (F (1, 63) = 4.543, P < .05). There was no significant difference in mean SSRT between HCs and unmedicated patients (t(89) < 1, P = .52, Cohen's d = .14; two-tailed) and between HCs and medicated patients (t(88) = 1.64, .48 * Results in the stop-signal task. Standard deviations (SDs) are presented in brackets. All reaction times are in milliseconds. SSRT, stop-signal reaction time; nsRT, reaction time for no stop-signal trials; P(r|s), probability of correct stopping. P = .11, Cohen's d = .34; two-tailed). The variance in the unmedicated group was comparable to the HC group (F (1, 89) < 1, P < .40) whereas the variance in the medicated group was significantly larger than in the HC group (F (1, 88) = 3.878, P < .05; Table 2 ).
DISCUSSION
The current study investigated RI, as measured by the SST, in a large sample of OCD patients. Although SSRTs were slightly longer in the OCD group compared to the HC group, this difference was not significant. This null result is similar to that of a previous investigation of unmedicated patients [12] as well as a small medicationmixed sample that was recently reported. [27] In addition, we found no significant differences in mean SSRT between medicated and unmedicated OCD patients or between each of these groups and HCs. However, medicated patients had significantly greater variability in SSRT as compared to unmedicated patients and to HCs. These effects were specific to SSRT, as there were no significant group differences in either mean nsRT or its variability.
Inspection of data from prior studies indicates a tendency toward larger SDs in medicated OCD patients [11] -yet the present study was the first to evaluate this formally. The finding of increased variability in medicated OCD patients has important implications for studies of RI using the SST. Specifically, increased variance in medicated patients may indicate the presence of some unknown underlying factor that affects RI in OCD patients and is influenced by medication. If so, isolating this factor may clarify whether deficits in RI are a fundamental characteristic of OCD per se. For example, recent investigations have shown that anxiety impairs RI, [28, 29] and specifically that elevated anxiety results in prolonged SSRTs. [30, 31] Thus, perhaps medicated OCD patients have increased SSRT variability because of SRIs' varying effects on anxiety (e.g., improving anxiety in some patients but not others, helping alleviate anxiety to varying degrees in those it helps). This varying effect on anxiety might be mirrored by a varying effect on SSRT. Longitudinal work is needed to test this possibility (i.e., directly measuring SSRT before and after medication). Such data will allow us to conclude whether changes in anxiety levels, following medication treatment, correlate with the changes in SSRT in OCD patients, and could explain the increased variability in SSRT that we observed in medicated OCD patients.
Our failure to replicate the effect of longer SSRT in OCD patients coupled with the small effect sizes commonly found in the literature (as reviewed in the introduction) indicates that RI deficits are insufficient to explain the repetitive behaviors in all OCD patients. Two recent meta-analyses found small to medium effects sizes for RI deficits in OCD (effect sizes = .49 [7] and .37 [32] ); however, authors on both studies reached different conclusions. Although the authors of one study concluded that these deficits are small and unlikely, on their own, to explain the repetitive thoughts and behaviors in OCD, [7] the authors of the second study [32] concluded that RI deficits are part of OCD patients' broad and stable impairment in executive control. However, it is also worth noting that studies that did find RI deficits in OCD subjects (either medicated or unmedicated) did not find a correlation between these deficits and OCD symptom severity. [10, 14] This has spurred further study of neural processes that might better explain repetitive thoughts and behaviors. For example, Gillan et al. [33, 34] have suggested that the repetitive behaviors in OCD are due to an imbalance between the executive system and the habitual system. Kalanthroff et al. [35, 36] reported a deficit in OCD patients' task-control-an executive mechanism that is responsible for goal-directed task selection by suppressing irrelevant associative tasks. [37] Tendency toward habit formation and difficulties executing control over irrelevant tasks have both been shown to correlate with OCD symptom severity. [33, 37] Future research is needed to determine whether these mechanisms are more directly related to OCD than RI deficits, and whether clinical interventions that directly target these processes prove beneficial.
Several limitations of the current study should be noted. First, even though the exact same task was used at both sites and diagnoses were determined by trained clinicians, formal cross-site reliability tests were not conducted. Second, although the SST is a widespread and validated task, future studies need to replicate the current results using other tasks measuring RI. Third, although OCD was the principal diagnosis for all our patients and we excluded comorbid psychiatric conditions previously linked to RI deficits, we do not have data regarding other comorbid disorders. We also do not have full data on which specific medications our patients were on. However, 100% of the patients for whom we do have medication data (56% of all medicated patients), were on SRIs, and the other participants were most likely as well (given that medicated patients were required to only be on medications prescribed specifically for OCD and SRIs are the only approved first-line medications for OCD at both sites). Finally, our study employed a single time point design. Future research using longitudinal methods is required to fully elucidate the relationship between medication use and SSRT in OCD.
To summarize, the current results indicate that RI is not significantly impaired in all OCD patients and that variance is greater in medicated patients. These datatogether with the small effect sizes that characterize the literature-suggest that RI deficits are insufficient to explain the repetitive behaviors in all OCD patients. A "second-hit" model, with anxiety mediating the relation between medication-status and RI is possible and requires further research. Our results highlight the importance of considering medication status when evaluating OCD patient performance on neurocognitive tasks.
